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ABSTRACT

The patrol vessel must have a good performancerieriior a sea
worthiness.The hydrodynamic aspects analysis bifadesign is
a main step conduct by designer. This study dess@n analysis
of motions and ship resistance. The seakeepingctesiucted
two variations of a ship loading condition. The p&imotion
response to sea-state 4 waves with the headin@®fahd 135
deg. The ship resistance test with two draft cioms is
calculated by model test and numerical simulatidhe ship
motion response is expressed in terms of the pilityab
distribution. The values of ship resistance aresgmeed as a non-
dimensional graph with a Froude number. The shiadiloy
conditions on a vertical center of gravity is highesulting in a
larger ship motion response than lower verticakereof gravity,
as well as the heading of wave is very influentiaé¢ results of
resistance test above Froude number 0.3, a resistah ship
increase and began to appear hump resistance aaduritl

KEY WORDS: Seakeeping, Resistance, Hydrodynamic,
Probability Distribution, Ship Performance.

1.0 INTRODUCTION

The patrol vessel is one type of fleet, it is impot to support
surveillance of a sea territory such as an Indemesountry. The
vessel must have good performance criteria forveedhiness.
The ship performance can be influenced by manyfacuch as

an environmental condition, ship structure, hydradyic aspects
and others. Therefore, the patrol vessel desigrpected to have
a good stability and powering capabilities to suppperation at
seas. An attempt to see ship’s ability from the rbglginamic

aspect, it is a necessary to know the ship’s perdoce of

resistance and seakeeping characteristics [Faiti2895].

An attempt to see the seakeeping characteristicesgel is
necessary in an early stage of design. This iseterchine a
behavior of ship motion against ocean waves. Mdstthe
seakeeping tables are used to predict ship perfaenan the
ocean [Baree & Afroz, 2017]. To predict a seakegpin
performance can use a numerical or experimentahadetvith a
required design. The shape of hull and a loadinglition may
affect a ship motion [Grin et al, 2016]. The chamygioading
conditions on the vessel may induce to changesénship’s
inertia radius, and generate in different ship oesg behavior.
The powering predictions of ships also have an itano role in
designing a ship. The designer will consider antaited
propulsion engine to estimate a speed capabilithefvessel in
its opertaion. So, the resistance test is an irapog for
discovering characteristics of ship in the predittof powering
performance. The vessel's resistance comes froomdamental
behavior of fluid flow to a surface of immersed IH#. Molland,
2011].

The analysis of hydrodynamic aspects of ship designstep
that must be perfomed by designer. One of the ghiformance
can be seen from the aspect of seakeeping and dytamics
resistance. The study on yacht performance opttinizéased on
two criteria of resistance and seakeeping [Pouedtral, 2017].
Therefore, this research will describe analysispafrol vessel
performance based on seakeeping and resistancenwilel test
method.

2.0 INVETIGATION METHOD

The seakeeping test of ship model is conductedanemvering
ocean basin (MOB), and resistance test at towimdk t'T)
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Indonesian Hydrodynamics Laboratory - BPPT. Therbéank
has two types of tank, deep tank part in lengtm6®vidth 35 m,
maximum depth of 2.5 m and shallow tank part irgterof 45 m,

width of 35 m and maximum depth of 1.25 m. The wave

generator can generate regular and irregular walMes.towing
tank facility has a length dimension of 234.5 mdiliof 11,
depth of 5.5 m, and equipped towing carriage whieln be
attracted a maximum of 9 m/s. The patrol vessehoflel test is
made from laminated plywood and fiber. The sizehaf model
test is made on a 1:18 scale. To ensure the shilelnhas same a
shape as full scale of ship drawing, it is necgssarcheck the
main dimension and the part of ship model statemgth in the
marking table. The test model of patrol vessehmam in figure 1
and the main dimension of model are presented table

Fire 1:The test model

Table 1:The main particulars of test model

Item Dimension Unit
Loa 3.333 m
Lpp 3.000 m
B 0.667 m
D 0.461 m
Tap 0.194 m
Tre 0.19¢ m

This study conducted seakeeping test with irregwave
parameter on the type of Pierson-Moskowitz spectriie
approach of spectrum selection due to wave charsidte in
most of indonesia’s sea tends to be close to tletspn of
Pierson-Moskowitz, as the crest of wave energy igeee is
scattered over the wave frequency. The wave spactof
Pierson-Moskowitz can be calculated using the éguas follow
[Djatmiko, 2012]:

2

9
waves, ie significant wave height (Hs) of 2 m analver period
(Tp) of 9 s. The study of model test uses two Vs of wave
heading, the heading 135 deg (bow quartering seat)180 deg
(head seas). In addition, seakeeping test cartiédariations of
loading conditions on the ship. This condition i $ee a
difference of ship motion, if it has different centof gravity.
Prediction of weight distribution and inertia raslito determine a
seakeeping performance [Grin et all, 2016]. Th&kseping test
for each wave heading is conducted as much as 1® times
running, this is aims to get 100 wave cycle datae Trregular
wave analysis for statistical data is at least t@€les [Lloyd,
1989]. The result of wave measurement calibrateomloe seen in
figure 2. In the graph shows the comparison of spet wave
theoretical calculations with measurements wavetsp® in the
Basin Tank. The measured laboratory waves are @édsived
from numerical simulation inputs.
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Figure 2:Themeasurement of wave spectrum

The seakeeping test of patrol vessel on irregukarenused 2
conditions of ship loading. The ship model of lozake 1 or
called LC 1 has a vertical center of gravity (VC&)0.208 m
from baseline dan longitudinal center of gravityC(&) of 1.418
m from AP. While the ship model of load case 2 altedi LC 2
has a value of VCG of 0.238 m from baseline dan L&@335
m from AP. To know the variation of load conditiorore clearly
can be seen in table 2. The result of ship motioh© 1 and LC

2 will be analyzed and compared in the form of piulity
distribution.

S, (w) = 0_0081%“1){_0_74(“)}‘1] B! Table 2: The load condition of seakeeping test

ltem Load Case 1| Load Case|2 Unjt
Where : VCG above baseling  0.208 0.238 m
S; = the wave spectrum (fnad/s) LCG from AP 1.418 1.335 m
® =the wave frequency (rad/s) A 273.69 266.68 kg
g = gravity (m/3 IXX 0.748 0.793 m

U,, = wind velocity (m/s)

. For the analysis of ship resistance, this studydooted two
The wave parameters used to seakeeping test ursba-state 4
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methods of calculation, namely model testing andnenical
simulations. [Ali et all, 2017] performed two meti® of
calculation for the analysis of ship resistancegesimental and
numerical simulation. The testing of vessel modsdistance is
done in towing tank by following the method of ITTCocedure
(International Towing Tank Conference). Meanwhiléhe
prediction of value of ship resistance used nurakgalculation
by applying the holtrop method. The analysis ofrgavessel
resistance is perfomed by 2 variations of condjtifudl load
condition and trim condition. The condition of r@aince test of
patrol vessel model can be seen more detail ire tabl

The extrapolation for resistance values of vessatiel can
be calculated using the following formula [ITTC 08-02-02,
2011]:

1 2
Rps = EpSVS SoCrs

Crs = (Crm — ((1 + k))(CFM —Crs) +Cy

Where :
Rys = ship resistance (N)
ps =density (

Vs =speed (m/s)

S, =wetted surface aream

Crs = the total coefficient of ship resistance

Cry = the total coefficient of ship model resistance
Cry = the friction coefficient of ship model resistanc
Crs = the friction coefficient of ship resistance

C, = model-ship correlation allowance

1+k =form factor

The numerically prediction of ship resistance cae b

calculated by the holtrop method the following foten [J.
Holtrop et all, 1978] :

Rrotar = Rp(1 + k1) + Rapp + Ry + R + Rrg + Ry

Rrocar = total resistance

Rp = friction resistance

1+ k, = form faktor

R,pp = resistance of appendages

Ry  =wave making and wave-breaking resistance

Rp = additional pressure resistance of bulbavs b

Rrp = additional pressure resistance of immersatsbm stern
Ry = model-ship correlation resistance

Table 3:The load condition of resistance test

Item Full L_o_ad T”'.“. Unit
Condition | Condition
Lwil 3.167 2.967 m
Tap 0.667 0.171 m
Tep 0.667 0.126 m
A 273.69 201.35 kg
S 2.554 2.143 m?

3.0 RESULT ANALYSIS AND DISCUSSION

The presentation of motion analysis data of shipasaise of
approach of data a graph of probability of motieaswrence. The
measured incidence of ship motion is also compleatery
linearity predictions with the Rayleigh distributiglot. (Firdaus
et al, 2017; Guo et al, 2016; Rajendran et al, 20d&form
motion analysis with probability of ship responsewrence. The
motion response data of LC 1 and LC 2 have sanmedpan in
order to reduce a discrepancy due to differemttibn. The
motion data of ship analyzed in this study is dmave, roll and
pitch motion. The response of patrol vessel t@jistar wave with
forward speed is done free running method at treedppof 15
knots. The motion of test model is measured acogrdo the
center of gravity for loading case respectively.

The documentation of seakeeping test on the patstel
model can be seen in figure 3 in the basin tanle fdsult of
heave motion analysis is shown by the probabiligpy in figure
4 and 5. The ship roll motion from the results eélseeping test
can be seen on the figures 6 and 7. And the pitiomof ship is
shown in Figs. 8 and 9. The statistical data of LGnodel
seakeeping test is shown by circle symbol, whhe, $tatistical
data of LC 2 shows triangular symbol. For positpeak values
given the sign (+ Ve) and negative peak valuesrgihe sign (-
Ve). Positive and negative values show 1 cycle ofion from
time series measurement.

Figure 3:The seakeeping model testing in MOB

The analysis of the probability distribution of thatrol vessel
response to an irregular wave is presented in $eistion.
Additionally, the exceedance probabilities of shiptions of
positive peak or negative peak values are analydedt of the
results of LC 1 and LC 2 show that both encountam-lnear
motion, although some are linear. The results of-lieear
motion occur both on the heading of bow-quartersiegs and
head seas. The motion response of patrol vessbledneading of
135 degree tends to be larger than 180 deg. Thituésto the
coming waves directly shock the right side of shipbdy, so that
the ship encounter a motion response increases.

From the experimental, this test shows resultshef gatrol
vessel motion tendency to increase when a displecers
smaller and the vertical center of gravity is highe general, the
LC 2 ship motion response compared to LC 1 showsaease
in both positive peak and negative peak valueseNtat the
determination of LC 1 and LC 2 still has more tHaparameter
different, so it needs to be detailed in compapagameters. This
requires further investigation.
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Figure 4: The probability distribution of heave maton heading
135 deg
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Figure 5: The probability distribution of heave imaton heading
180 deg

In Figs. 4 and 5, the ship heave motion clearlyshthat LC
1 ship response is smaller than LC 2 ship respoiite
probability of heave motion occurrence shows thedkpvalues
are normally distributed. For the sign ‘+ve’ indies the ship
emergence and the sign ‘-ve’ shows the the shipnsufence.
There is a heave motion incident for the LC 2 viesse heading
135 deg which shows the tail of the motion disttidmu slightly
asymmetric and scattered. The prediction of heawtiom of
linearity depicted on the Rayleigh graph showsltedbat tend to
be similar when peak values are relatively smail. large peak
values, rayleigh’s distribution tail deviate frotmettesting model
results.

In Figs. 6 and 7 present the probability of rollingption
occurrence. The ‘“+ve’ and ‘-ve’ indicates the shiifaking to the

right and left. Like the motion distribution of heapeak values,

the roll motion of peaks is slightly asymmetric time tails of

distribution and the data is scattered. The LC ssgkhas a larger

roll motion response than the LC 1 vessel. The lresuroll
motion on wave heading 135 deg is bigger than tedimg of
180 deg, but the peak values is not significante Tihearity
prediction of the roll motion, the graph of Ragleidistribution
coincides with the testing data but the linear témhs shifts
away when the peak values is greater.

Peak Value
+velCl |-
-velC1l [-—

+velC2 [ __.
-velC2

Exceedance probability of roll [ % ]

Peak value [deg]
Figure 6: The probability distribution of roll mota on heading
135 deg
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Figure 7: The probability distribution of roll moti on heading
180 deg
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Figure 8: The probability distribution of pitch nmnt on heading

135 deg
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Figure 9: The probability distribution of pitch nmt on heading
180 deg

The probability of ship pitch motion occurrencepigsented
in figures 8 and 9. The sign of ‘+Ve' and ‘-Ve' shahe ship
bow of submergence and emergence. Like previoys reletion
analysis, the result of pitch motion peaks are rithsted
symmetrically for small relative peak values andréhare begins
to spread to larger peak values. Pitch motion auimg 180 deg,
the motion response of LC 2 vessels is greater tharmotion
response of the LC 1 vessel. In contrast, the L@ssel motion
response is smaller than the LC 1 vessel motioporese on
heading 135 deg. The difference in pitch motiorpoese results
with the motion response of heave and roll is doemany
possibilities that need to be further investigated.

The difference of vertical center of gravity, longlinal
center of gravity and displacement will affect tfedue of inertia
radius of the ship and the impact on seakeepinfpimeance. On
the same normal loading and sea-state wave lingtseakeeping
performance of patrol vessels on LC 1 is bettenth@ 2. An
incorrect prediction of the radii of inertia coutterefore result in
an incorrect prediction of the ship performanceifi@t al, 2016].
Therefore, as an operator, the user, the governstenild pay
close attention to the fact that the weight disttitn of the vessel
is very influential on the stability. The importanof ship weight
distribution prediction is a good at full load, hkdad or extreme
condition to get a good motion in operational ia tteans.

_-_'-/’ LIV YU 1A i

Figure 10:The resistance model testing in TT

9

The patrol vessel resistance test is done by 2 adsthwith
numerical and experimental simulation. the restsatest is
calculated from Froude number 0.218 to 0.392 witbrement
0.011. The documentation of model testing in tow#rk can be
seen in figure 10. In the figure shows the docuatér of model
resistance test in full load condition. The resfltpatrol vessel
resistance analysis is presented in a non-dimealsgmaph with
Froude number, and it is described in figures 1d &8. The
experimental result of model resistance is shown shyare
symbol and numerical calculation with circle syohb

0.03
u
Full Load Condition .
0.024 B =Experimental
= Numerik "
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Figure 11:The curve of the resistance test on trim condition
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Figure 12:The curve of the resistance test on trim condition

The comparison between the resistance (non-dimeai$io
results of the patrol vessel by experimental andnerical
calculation was performed on 2 draft conditions|l fioad
condition and trim condition. In figs 11, the rdsubf resistance
on trim condition indicate that the value of thep&h resistance
by numerical method is smaller than the experimemtethod.
This is the same as the full load condition, inufig12 shows the
value of the vessel resistance on the model tegemter than the
numerical calculation. The test results of shigstasce on full
load condition are greater than trim condition.sTisi due to area
of WSA (wetted surface area) in the trim conditi®smaller than
the full load condition. This is one of the factdhat causes the
ship’s resistance results. The result of numegaddulation tends
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to be the same as experimental simulation undereval Froude
number of 0.3. Above Froude number of 0.3, theltefumodel
testing resistance away wide from the numericalltes

From the resistance curve describes the numeraallation
trendline and the experimental method equals. Tiaeacteristics
of the patrol vessel resistance are hump resistaraend Froude
number between 0.3 and 0.36. Around the Froude puthiere is
an increase in resistance which is caused by wéwesing
around the surface of the ship’s body. Figure 10wsh the
presence of fluid plugs in the bow, so that the shrestrained by
waves formed by the body of the vessel itself. phenomenon
of wave making and wave patterns around the shipdy cannot
be seen when the resistance calculation is condlbgt@umerical
method. The calculation of resistance by the nurabrethod of
the CFD (Computational Fluids Dynamics) may helghow the
flow pattern phenomenon, but it has not been ablget definite
values such as model test.

4.0 CONCLUSION

The seakeping analysis of patrol vessel to sea-dtataves with
model testing perfomed on 2 conditions of weigtgtrithution
and 2 waves heading conditions. The vertical ceafegravity
and longitudinal center of gravity can affect matiesponse of
ship. The characteristic of the ship’s motion cleo de affected
by the direction of ship;s heading to waves. Thiegpaessel has
a higher vertical center of gravity, it is likelp thave a large
motion response.

The comparison of resistance results of the pa@stel with
experimental and numerical calculation show a sintyl of
results, if sailing vessel performed on speed belewude
number 0.3. And froude number above 0.3, the @it results
of experimental method is greater than numericaluftions.
The value of vessel resistance may be affectedhbywtetted
surface area of the vessel. The value of resistahce higher
Froude number can increase and cause hump resistaound
the ship’s body.
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